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Description
BACKGROUND

[0001] One of the value-added services supplied by
wireless network service providers is to provide person-
alized services based on the location of a subscriber.
The coordinates for a mobile customer premises equip-
ment (CPE), obtained by using the Global Positioning
System (GPS), are often shown in a latitude and longi-
tude. This location information is valuable to network
service providers. By gathering the location information
about a CPE, network service providers can manage net-
work resources more efficiently, support traffic monitor-
ing more effectively, and develop a more economic fre-
quency reuse plan. Furthermore, network service provid-
ers can deploy location-based applications, such as nav-
igation services, E911 services, and real-time advertise-
ment, based on the geographic location of a CPE.
[0002] A session in the subscription-based wireless
network defines a communication task between a base
station (BTS) and a CPE. A session profile contains all
but location information related to the session between
the BTS and the CPE. The session profile includes infor-
mation such as the power level of the physical layer, the
frequency allocation of the medium access control layer,
the provisioning parameters of quality of service, and ac-
countinginformation. The CPE may support multiple ses-
sions simultaneously.

[0003] Other statistics, such as the duration of the ses-
sion, the bandwidth consumed by the session, the speed
of the movement of the CPE, also provide important in-
formation about the CPE. The GPS coordinates for a
location, the session profile, and the statistics information
about the CPE facilitate the creation of new services,
which, in turn, generate more revenues for network serv-
ice providers.

[0004] A conventional wireless communication system
that provides location-based services requires multiple
BTSs to gather information about a CPE and it also re-
quires a back-end server to collect information about the
CPE from all participating BTSs and determine the GPS
location of the CPE. There are many ways to determine
the location of a CPE, based on the information collected
by multiple BTSs.

[0005] In a wireless communication system with BTSs
that have multiple antennas, it could take only one BTS
to monitor and track the movement of a CPE. This BTS
gathers the information from all receiving antennas and
then retrieves helpful information. It is thus an objective
of the invention to develop a system and method to proc-
ess the information to determine the GPS coordinates
for a CPE and create innovative services.

[0006] Anadvantage ofthe inventionisthatitimproves
the prior art solutions by offering a better way to deter-
mine the GPS location of a CPE while the system only
requires one BTS.

US 6489923 discloses a system for estimating the posi-
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tion of a mobile station in terms of its bearing and range
from a cell site. US 2003/0117320 discloses a method
for determining a mobile station’s location based on
measuring the distance between a wireless base station
and the mobile station and determining the mobile sta-
tion’s azimuth and elevation angles.

SUMMARY

[0007] Aspects of the invention are set out in the inde-
pendent claims. Certain preferred features are set out in
the dependent claims.

[0008] Disclosed herein is a system for detecting loca-
tions of a customer premises equipment in a wireless
communication system with one or more base transceiv-
er stations and one is sufficient. A plurality of antennas
in a base transceiver station receives signals transmitted
from a customer premises equipment. A timing detection
module extracts the timing offset from the receiving sig-
nals and afirst calculation module calculates the distance
between the BTS and the CPE based on the timing offset.
A signal detection module detects magnitudes and phas-
es of the receiving signals and a second calculation mod-
ule determines a dominant beam according to the anten-
na pattern and calculates the direction of arrival of the
dominant beam. A third calculation module calculates
the location of the CPE relative to the BTS based on the
distance and the direction of arrival.

[0009] The construction and method of operation of
the invention, however, together with additional objects
and advantages thereof, will be best understood from the
following description of specific embodiments when read
in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

[0010] The drawings accompanying and forming part
of this specification are included to depict certain aspects
of the invention. A clearer conception of the invention
and of operation of system provided with the invention
will become more readily apparent by referring to the
exemplary, and therefore non-limiting, embodiments il-
lustrated inthe drawings, wherein like reference numbers
(if they occur in more than one view) designate the same
elements. The invention may be better understood by
reference to one or more of these drawings in combina-
tion with the description presented herein. It should be
noted that the features illustrated in the drawings are not
necessarily drawn to scale.

FIG. 1 is a block diagram illustrating a system for
detecting locations of a CPE.

FIG. 2 illustrates a system for determining the GPS
coordinates for a CPE.

FIG. 3 illustrates a close-loop transmission timing
adjustment.
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FIG. 4 is a diagram of the antenna pattern of a BTS
with respect to a CPE.

FIG. 5 shows a method for obtaining the distance of
a CPE.

DESCRIPTION

[0011] The following detailed description of the inven-
tion refers to the accompanying drawings. The descrip-
tionincludes exemplary embodiments, not excluding oth-
er embodiments, and changes may be made to the em-
bodiments described without departing from the spiritand
scope of the invention. The following detailed description
does not limit the invention. Instead, the scope of the
invention is defined by the appended claims.

[0012] The present invention discloses a system for
detecting locations of a CPE in a wireless communication
system with one or more BTSs and one is sufficient. The
present invention also discloses a method to more accu-
rately determine the GPS coordinates for a CPE using
one BTS equipped with an array of antennas.

[0013] One of the embodiments of the present inven-
tion is a location-based service system adopting the dis-
closed method. The location-based service system uti-
lizesthe GPS location information about a CPE to provide
better services and operate more efficiently.

[0014] The method disclosed in the present invention
determines the GPS coordinates for a CPE by deriving
the DOA from the antenna beam pattern of a BTS and
mapping the absolute Cartesian coordinates to the GPS
coordinates for the CPE. The absolute Cartesian coor-
dinates are determined by the following parameters: the
distance between the BTS and the CPE, the DOA of the
antenna beam, and the Cartesian coordinates for the
BTS.

[0015] The location-based service system described
in the present invention only requires a single BTS to
determine the GPS location of a CPE, facilitates the ex-
tracting of the data from the location information based
on the GPS, and generates innovative applications to
better serve the subscribers of the wireless network. The
accuracy of the estimated GPS location will be improved
with more BTSs participating in the process, but unlike
a conventional system, the system disclosed in the in-
vention does not require additional BTS.

[0016] FIG. 1 is a block diagram illustrating a system
for detecting locations of a CPE. Block 110 is a plurality
of antennas on a BTS. The plurality of antennas on the
BTS receives signals transmitted from the CPE.

[0017] Block 120 is a timing detection module that ex-
tracts a timing offset from receiving signals. Block 125 is
a distance calculator that calculates the distance be-
tween the BTS and the CPE based on timing offset in-
formation. Block 130 is a signal detection module that
detects magnitudes and phases of the antenna pattern
of the receiving signals. Block 135 is a DOA calculator
that determines a dominant beam of the antenna pattern
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and calculates the direction of arrival (DOA) of the signal
from the dominant beam. Block 140 is a location server
that calculates the location of the CPE relative to the BTS
based on the data produced by blocks 125 and 135.
[0018] FIG.2is aflow diagram illustrating the determi-
nation of the GPS coordinates for a CPE by a location
server. There are four steps in the flow diagram. In step
210, the CPE calculates atiming offset adjustment, which
represents the sum of an open-loop timing adjustment
and a close-loop timing adjustment, and subsequently
reports it to the BTS. FIG. 3 further describes a method
to calculate the timing offset of the CPE.

[0019] In step 220, the BTS collects magnitude and
phase information about the receiving signal, transmitted
from an array of antennas by the CPE. The BTS deter-
mines the DOA of the receiving signal based on the mag-
nitude and phase information about the antenna beam
pattern. The beam with the largest amplitude in the an-
tenna beam patternis designated as the dominant beam,
the direction of which determines the DOA. FIG. 4 is a
diagram of an antenna beam pattern.

[0020] In step 230, the BTS sends to a location server
(LS) the timing offset, DOA, and session profile informa-
tion about the CPE. The LS calculates the two dimen-
sional Cartesian coordinates for the CPE based on the
timing offset and DOA information. FIG. 5 further de-
scribes the procedure to calculate the two dimensional
Cartesian coordinates for the CPE.

[0021] In step 240, the location server maps the two
dimensional Cartesian coordinates to the GPS coordi-
nates; namely, latitude and longitude, for the CPE. The
mapping involves geographic mathematics. Because the
shape of the earth is slightly oblate, many approximation
methods can be used to map the two dimensional Car-
tesian coordinates to the GPS coordinates for a location.
One embodiment of the approximation is to let the lon-
gitude of the CPE equal to X_CPE_absolute and the lat-
itude of the CPE equal to Y_CPE_absolute.

[0022] The accuracy of the GPS coordinates for the
CPE depends on the accuracy of the estimation of the
distance between the BTS and the CPE and DOA. Sev-
eral postprocessing procedures can be adopted to re-
move the erroneous information that is less accurate.
There are three filter modules that facilitate postprocess-
ing, and they are the signal-to-noise-ratio (SNR) filtering
module, the beamforming filtering module, and the speed
filtering module.

[0023] The SNR filtering module eliminates the calcu-
lated DOA and distance information if the corresponding
SNR is less than a given threshold. The beamforming
filtering module eliminates the calculated DOA and dis-
tance information if the ratio of the amplitude of the dom-
inant beam to the average amplitude of the rest of the
beams is less than a given threshold. As to the speed
filtering module, it eliminates the calculated DOA and dis-
tance information if the speed of the CPE derived from
the consecutive records is lager than a given threshold.
The three filtering modules can be used individually or
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consecutively in a predetermined order.

[0024] FIG. 3 is a flow diagram of a close-loop adjust-
ment. In step 310, after receiving the signals sent by a
BTS, a CPE transmits a signal to the BTS at a scheduled
time. In Step 320, the BTS determines the timing offset
of the CPE. In Step 330, the BTS sends a timing offset
adjustment message to the CPE. In Step 340, the CPE
makes a timing correction by adjusting its transmission
timing according to the received adjustment message
when sending signals to the BTS afterwards.

[0025] In an open-loop adjustment, the CPE adjusts
the timing offset according to some internal references.
For example, if the downlink timing of the receiving signal
is advanced by At, the CPE will delay the uplink timing
by the same amount At. The CPE sums up the open-loop
and close-loop timing offset adjustments and reports the
result to the BTS.

[0026] A conventional method to obtain DOA informa-
tion is to apply the eigenvalue decomposition method to
an antenna input correlation matrix. There are several
eigenvalue decomposition methods, such as the Min-
Norm method, the Multiple Signal Classification (MU-
SIC), and the Estimation of Signal Parameters via Rota-
tional Invariance Techniques (ESPRIT). The method in
the present invention obtains DOA information using the
signals received by multiple antennas on a BTS.

[0027] FIG. 4isadiagramillustrating an antennabeam
pattern of a BTS with respect to a CPE. The diagram
shows the magnitude and direction of the detected
beams. The beam with the largest amplitude is designat-
ed as the dominant beam whose direction is DOA. In
FIG. 4, the DOA is 250 degrees.

[0028] FIG. 5 is a supplementary diagram to explain
how alocation server calculates the two dimensional Car-
tesian coordinates for a CPE.

[0029] Let D_EST 520 denote the line-of-sight dis-
tance between a BTS and a CPE and be represented by
the following equation: D_EST = ¢ * timing_offset, where
c is the speed of light, which is roughly equal to 3*10%8
(meters/second), and timing_offset is the timing offset of
the CPE. Let H_BTS 510 denote the height of a BTS
tower. The distance between the BTS and the CPE is
calculated based on the following equation:
Distance_BTS_CPE 530 = sqrt(D_EST?-H_BTS?).
[0030] The relative Cartesian coordinates for the CPE
are determined by two values, and they are the distance
between the BTS and the CPE and DOA. The relative
Cartesian coordinates forthe CPE are calculated accord-
ing to the following equations: X_CPE_relative =
Distance_BTS_CPE * cos(DOA) and Y_CPE_relative =
Distance_BTS_CPE * sin(DOA).

[0031] Theabsolute Cartesian coordinates forthe CPE
are calculated according to the following equations:
X_CPE_absolute = X_BTS_absolute + X_CPE_relative
and Y_CPE_absolute = Y_BTS_absolute +
Y_CPE_relative.

[0032] In a wireless network with multiple BTSs, the
accuracy of the estimation of a CPE location can be fur-
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ther improved by reporting the CPE location collabora-
tively by multiple BTSs. The BTSs in such a system could
establish communication channels among themselves
to exchange the location information about the CPE. The
CPE communicates with one or more BTSs simultane-
ously. The geographic mathematics can also be applied
to the estimation process to improve the accuracy of the
estimation of the CPE location.

[0033] The system disclosed in the invention compris-
es of multiple CPEs and one or more BTSs, one or more
servers. The BTS gathers the distance and DOA infor-
mation about the CPE and the associated session profile
and send them to a server, for example a location server,
to determine the CPE location. The server, in turn, cal-
culates the GPS coordinates for the CPE and modify the
associated session profile and sends them to a server
with development tools, for example an application serv-
er.

[0034] The developmenttoolsinthe serveruse the up-
dated session profile and the GPS location information
about the CPE to extract data that facilitates the creation
of new services.

[0035] Oneexampleofthe dataextracted fromthe ses-
sion profile and the GPS location information is the mov-
ing-path of the CPE. An application can generate a plot
to display the estimated and actual moving-paths of the
CPE. The moving-path plot can help wireless network
service providers to improve network resource planning.
[0036] Wireless network service providers candevelop
numerous applications to exploit the data embedded in
the GPS location information. For example, the space
division multiple access (SDMA), the drop call analysis,
the SNR/ traffic density geographic analysis, the geo-
graphic-information based power/bandwidth allocation,
and the handoff assistance.

[0037] New businesses can also be developed based
on the information about the movement of CPEs to ben-
efit the subscribers of the wireless network. These new
businesses include, but not limited to, the CPE location-
based Google map, the local business search, the ad-
vertisement, the E911, the navigation, and the real-time
highway traffic report.

[0038] The above illustration provides many different
embodiments or embodiments for implementing different
features of the invention. Specific embodiments of com-
ponents and processes are described to help clarify the
invention. These are, of course, merely embodiments
and are not intended to limit the invention from that de-
scribed in the claims.

Claims
1. A wireless communication system comprising:
a plurality of antennas (110) on a base trans-

ceiver station (BTS) for receiving a signal trans-
mitted from a customer premises
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equipment (CPE) having an antenna beam pat-
tern comprising a plurality of beams;

a timing detection module (120) configured to
extract at least one timing offset from at least
one of the plurality of beams, wherein the timing
offset is produced by exchanging timing infor-
mation between the BTS and CPE;

afirst calculation module (125) configured to cal-
culate a distance betweenthe BTS and the CPE
based on the timing offset;

a signal detection module (130) configured to
detect magnitudes and phases of the plurality
of beams;

a second calculation module (135) configured
to select a beam among the plurality of beams
having the largest amplitude as a dominant
beam and calculate a direction of arrival (DOA)
of the signal from the dominant beam;

a third calculation module (140) configured to
calculate a location of the CPE relative to the
BTS based on the distance and the DOA; and
characterised in that the system further com-
prises a beamforming filtering module config-
ured to eliminate the calculated DOA and dis-
tance

information if the ratio of the amplitude of the
dominant beam to the average amplitude of the
rest of the plurality of beams is less than a given
threshold.

The wireless communication system of claim 1,
wherein the timing detection module extracts the tim-
ing offset by using open-loop and close-loop timing
adjustment information.

The wireless communication system of claim 1 fur-
ther comprising a fourth calculation module config-
ured to convert the relative location of the CPE to a
set of latitude and longitude coordinates based on a
location of the BTS.

The wireless communication system of claim 3,
wherein the conversion comprises:

calculating the absolute Cartesian coordinates for
the CPE; and

mapping the absolute Cartesian coordinates to the
latitude and longitude coordinates.

A method for detecting a location of a customer
premises equipment (CPE) in a wireless communi-
cation network using a received plurality of beams
of a signal transmitted by the CPE, the method com-
prising:

selecting a beam among the plurality of beams
having the largest amplitude as a dominant
beam;

determining a direction of arrival of the signal
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from the dominant beam;

determining timing offset data for the customer
premises equipment, wherein

the timing offset data is produced by exchanging
timing information between a base transceiver
station (BTS) and the CPE;

calculating a distance between the base trans-
ceiver station and the customer premises equip-
ment based on the timing offset data;
obtaining the location of the customer premises
equipment relative to the base transceiver sta-
tion based on the direction of arrival and the dis-
tance information; and

characterised in that the method further com-
prises

eliminating the calculated direction of arrival and
distance information if the ratio of the amplitude
of the dominant beam to the average amplitude
of the rest of the plurality of beams is less than
a given threshold.

6. The method of claim 5, wherein the timing offset in-
formation about the CPE further includes open-loop
and close-loop timing estimations.

7. The method of claim 5 further comprising:

calculating the absolute Cartesian coordinates
for the CPE; and

mapping the absolute Cartesian coordinates to
latitude and longitude coordinates.

8. The method of claim 7, wherein the calculating of
the absolute Cartesian coordinates is based on dis-
tance and the direction of arrival information.

9. The method of claim 7, wherein the mapping of the
absolute Cartesian coordinates to the latitude and
longitude coordinates further includes geographic
calculation.

Patentanspriiche
1. Drahtloses Kommunikationssystem, das aufweist:

eine Vielzahl von Antennen (110) auf einer Ba-
sissendeempfangerstation bzw. Base Transcei-
ver Station (BTS) zum Empfangen eines Sig-
nals, das von einem Endgerat beim Kunden
bzw. Customer Premises Equipment (CPE) ge-
sendet wird, die ein Antennenstrahlmuster mit
einer Vielzahl von Strahlen hat;

ein Timing-Detektionsmodul (120), das dazu
konfiguriert ist, wenigstens einen Timing-Ver-
satz aus wenigstens einem der Vielzahl von
Strahlen zu extrahieren, wobei der Timing-Ver-
satz durch Austauschen von Timing-Informati-
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onen zwischen der BTS und dem CPE erzeugt
wird;

ein erstes Berechnungsmodul (125), das dazu
konfiguriert ist, einen Abstand zwischen dem
BTS und dem CPE basierend auf dem Timing-
Versatz zu berechnen;

ein Signal-Detektionsmodul (130), das dazu
konfiguriertist, Gr63en und Phasen der Vielzahl
von Strahlen zu erkennen;

ein zweites Berechnungsmodul (135), das dazu
konfiguriert ist, einen Strahl, der die grof3te Am-
plitude hat, als dominanten Strahl aus der Viel-
zahl von Strahlen auszuwahlen und eine An-
kunftsrichtung (Direction of Arrivial DOA) des Si-
gnals aus dem dominanten Strahl zu berech-
nen;

ein drittes Berechnungsmodul (140), das dazu
konfiguriertist, den Standort des CPE bezlglich
der BTS basierend auf der DOA zu berechnen;
und

dadurch gekennzeichnet, dass das System
des Weiteren ein Strahlformungs-Filtermodul
aufweist, das dazu konfiguriert ist, die berech-
neten DOA- und Abstandsinformationen zu ent-
fernen, wenn das Verhaltnis der Amplitude des
dominanten Strahls zur Durchschnittsamplitude
des Rests der Vielzahl von Strahlen kleiner als
ein gegebener Schwellenwert ist.

Drahtloses Kommunikationssystem nach Anspruch
1, wobei das Timing-Detektionsmodul den Timing-
Versatz durch Verwenden von Timing-Anpassungs-
informationen mit offener Schleife und geschlosse-
ner Schleife extrahiert.

Drahtloses Kommunikationssystem nach Anspruch
1, das des Weiteren ein viertes Berechnungsmodul
aufweist, das dazu konfiguriert ist, den relativen
Standort des CPE in einen Satz von Breiten- und
Langenkoordinaten basierend auf einem Standort
der BTS umzuwandeln.

Drahtloses Kommunikationssystem nach Anspruch
3, wobei die Umwandlung aufweist:

Berechnen der absoluten kartesischen Koordi-
naten fir das CPE; und

Abbilden der absoluten kartesischen Koordina-
ten auf die Breiten- und Langenkoordinaten.

Verfahren zum Ermitteln des Standorts eines End-
gerats beim Kunden bzw. Customer Premises
Equipment (CPE) in einem drahtlosen Kommunika-
tionsnetzwerk unter Verwendung einer empfange-
nen Vielzahl von Strahlen eines von dem CPE ge-
sendeten Signals, wobei das Verfahren aufweist:

Auswahlen eines Strahls, der die gréf3te Ampli-
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tude hat, als dominanten Strahl aus der Vielzahl
von Strahlen;

Bestimmen einer Ankunftsrichtung des Signals
von dem dominanten Strahl;

Bestimmen von Timing-Versatzdaten fir das
Endgerat beim Kunden , wobei die Timing-Ver-
satzdaten durch Austauschen von Timing-Infor-
mationen zwischen einer Basissendeempfan-
gerstation bzw. Base Transceiver Station (BTS)
und dem CPE erzeugt werden;

Berechnen eines Abstands zwischen der Basis-
sendeempfangerstation und dem Endgerat
beim Kunden basierend auf den Timing-Ver-
satzdaten;

Erhalten des Standorts des Endgerats beim
Kunden beziglich der Basissendeempfanger-
station basierend auf den Ankunftsrichtungs-
und den Abstandsinformationen; und

dadurch gekennzeichnet, dass das Verfahren
des Weiteren aufweist:

Entfernen der berechneten Ankunftsrichtungs-
und Abstandsinformationen, wenn das Verhalt-
nis der Amplitude des dominanten Strahls zur
Durchschnittsamplitude des Rests der Vielzahl
von Strahlen kleiner als ein gegebener Schwel-
lenwert ist.

Verfahren nach Anspruch 5, wobei die Timing-Ver-
satzinformationen Uber das CPE des Weiteren Ti-
ming-Schatzungen mit offener Schleife und ge-
schlossener Schleife aufweisen.

Verfahren nach Anspruch 5, das des Weiteren auf-
weist:

Berechnen der absoluten kartesischen Koordi-
naten fir das CPE; und

Abbilden der absoluten kartesischen Koordina-
ten auf Breiten- und Langenkoordinaten.

Verfahren nach Anspruch 7, wobei das Berechnen
der absoluten kartesischen Koordinaten auf Ab-
stands- und Ankunftsrichtungsinformationen ba-
siert.

Verfahren nach Anspruch 7, wobei das Abbilden der
absoluten kartesischen Koordinaten auf die Breiten-
und Langenkoordinaten des Weiteren geographi-
sches Berechnen beinhaltet.

Revendications

Systeme de communication sans fil comprenant :

plusieurs antennes (110) sur une station émet-
trice-réceptrice de base (BTS) pour recevoir un
signal transmis depuis un équipement de bati-
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ment client (CPE) ayant un diagramme de
rayonnement d’antenne comprenant plusieurs
rayons ;

un module de détection d’horodatage (120) con-
Gu pour extraire au moins un décalage d’horo-
datage d’au moins un parmi les plusieurs
rayons, le décalage d’horodatage étant produit
en échangeant des informations d’horodatage
entre la BTS et le CPE ;

un premier module de calcul (125) congu pour
calculer une distance entre la BTS et le CPE en
fonction du décalage d’horodatage ;

un module de détection de signal (130) congu
pour détecter les magnitudes et les phases de
la pluralité de rayons ;

un deuxiéme module de calcul (135) congu pour
sélectionner unrayon parmiles plusieursrayons
ayant la plus grande amplitude comme rayon
dominant et calculer une direction d’arrivée
(DOA) du signal a partir du rayon dominant ;
un troisieme module de calcul (140) congu pour
calculer un emplacement du CPE par rapport a
la BTS en fonction de la distance et de la DOA ;
et

caractérisé en ce que le systéme comprend en
outre un module de filtrage spatial congu pour
éliminer les informations de DOA et de distance
calculées si le rapport de 'amplitude du rayon
dominant a 'amplitude moyenne du reste de la
pluralité de rayons estinférieur a un seuil donné.

Systéeme de communication sans fil selon la reven-
dication 1, dans lequel le module de détection d’ho-
rodatage extrait le décalage d’horodatage en utili-
sant des informations d’ajustement d’horodatage
par boucle ouverte et boucle fermée.

Systeme de communication sans fil selon la reven-
dication 1, comprenant en outre un quatriéme mo-
dule de calcul congu pour convertir I'emplacement
relatif du CPE en un ensemble de coordonnées en
latitude et longitude en fonction d’'un emplacement
de la BTS.

Systeme de communication sans fil selon la reven-
dication 3, dans lequel la conversion comprend de :

calculer les coordonnées cartésiennes abso-
lues du CPE ; et

mapper les coordonnées cartésiennes abso-
lues en coordonnées de latitude et de longitude.

Procédé de détection d’'un emplacement d’'un équi-
pement de batiment client (CPE) dans un réseau de
communication sans fil en utilisant plusieurs rayons
regus d'un signal transmis par le CPE, le procédé
comprenant de :
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sélectionnerun rayon parmiles plusieurs rayons
ayant la plus grande amplitude comme rayon
dominant ;

déterminer une direction d’arrivée (DOA) du si-
gnal a partir du rayon dominant, les données de
décalage d’horodatage étant produites en
échangeant des informations d’horodatage en-
tre une station émettrice-réceptrice de base
(BTS) et le CPE ;

calculer une distance entre la station émettrice-
réceptrice de base et 'équipement de batiment
client en fonction du décalage d’horodatage ;
obtenir un emplacement de I'équipement de ba-
timent client par rapport a la station émettrice-
réceptrice de base en fonction de la distance et
de la direction d’arrivée ; et

caractérisé en ce que le procédé comprend en
outre de :

éliminer les informations de direction d’arrivée
et de distance calculées si le rapport de I'ampli-
tude du rayon dominant a I'amplitude moyenne
du reste de la pluralité de rayons est inférieur a
un seuil donné.

Procédé selon la revendication 5, dans lequel les
informations de décalage d’horodatage concernant
le CPE incluent en outre des estimations d’horoda-
tage en boucle ouverte et en boucle fermée.

Procédé selon la revendication 5, comprenant en
outre de :

calculer les coordonnées cartésiennes abso-
lues pour le CPE ; et

mapper les coordonnées cartésiennes abso-
lues en coordonnées de latitude et de longitude.

Procédé selon la revendication 7, dans lequel le cal-
cul des coordonnées cartésiennes est basé sur des
informations de distance et de direction d’arrivée.

Procédé selon la revendication 7, dans lequel le
mappage des coordonnées cartésiennes absolues
en coordonnées de latitude et de longitude inclut en
outre un calcul géographique.



EP 2 018 592 B1

Location Server

140

Timing Distance
—»  Deection — Caleulator
o 125
Multiple
Antennas
16
Magnitude and DOA
—Phage Detection——»  Calculator
1 &
100
FIG. 1



EP 2 018 592 B1

210
The CPE
teports 230 240
timing offset
I 1
The BTS sends The Location
20 > |information to server determines
N the location — (CPE's GPS
\ server (LS) location
The BTS collects
magnitude and
phase
information 0
FIG.2



EP 2 018 592 B1

310 3 330 40

A \

The BTS The BTS sends

The CPE ‘ . The CPE adjusts
. determines the timing offset "
sends signal iy . o7 = transmission
ot BTS timing offset information ¢ i
of the CPE the CPE
300
FIG. 3

10



90

EP 2 018 592 B1

6.48380.005
120 B0
43025
150 %
£ Magnitudes/Phases
30 ‘ 0 Antenna pattern
DOA determination
210 3%
30
20
Dominant Beam
FIG.4 (supplementary)

1"



EP 2 018 592 B1

)
f D EST

\ 530

Distance BIS CPE

500

FIG. 5 (supplementary)

12



EP 2 018 592 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 6489923 B [0006] * US 20030117320 A [0006]

13



	bibliography
	description
	claims
	drawings
	cited references

